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Many viruses degrade host mRNAs to reduce competition for proteins/ribosomes and promote viral gene
expression. In this issue of Cell Host & Microbe, Abernathy et al. (2015) demonstrate that a herpesviral
RNA endonuclease induces host transcriptional repression that is mediated through the decay factor Xrn1
and evaded by viral genes.When you have ribonuclease contamina-
tion at your lab bench, you generally do
one of three things (not counting the
expletive-laden cries of dismay, of
course). You either painstakingly try to
identify and remove the source of the
RNase, add a general RNase inhibitor to
try to minimize the effects of the nuclease,
or simply shut down your experiments and
start overwith everything new. Personally,
we’ve always found the last course of ac-
tion to be the most effective. Recent
studies by Abernathy et al. (2015), pre-
sented in this issue, indicate that cells
also prefer this third course of action.
During infection, many viruses have
adopted the strategy of targeting and
degrading host mRNAs to reduce com-
petition for proteins/ribosomes in the
cytoplasm (Read, 2013). Viral-encoded
endonucleases cleave cellular mRNAs,
generating 50 monophosphate and 30OH-
containing fragments. These fragments
are then processively degraded in the
50-30 direction by the Xrn1 exoribonucle-
ase (Burgess and Mohr, 2015) and in the
30-50 direction by the cytoplasmic exo-
some or Dis3L2 (Reis et al., 2013). g-her-
pesviruses (KSHV and MHV-68) encode
the SOX RNA endonuclease that cleaves
most cellular mRNAs during infection
(Covarrubias et al., 2011), providing
substrates for complete destruction by
exonucleolytic decay. In simple terms,
the cytoplasm of herpesvirus-infected
cells has a major RNase contamination
problem. Abernathy et al. discovered
that mammalian cells respond to herpes-
viral-induced mRNA decay by dramati-
cally shutting down RNA polymerase II
transcription in the nucleus. In other144 Cell Host & Microbe 18, August 12, 2015words, cells with RNase contamination
shut down their gene expression, perhaps
with the hope of starting over with every-
thing new—just like a bench researcher
would.
Utilizing the powerful tool of 4-thiouri-
dine pulse labeling (Windhager et al.,
2012), the authors monitored nascent
mRNA production upon infection with
WT MHV68, WT KHSV, or a variant virus
that contains a catalytically inactive
mutant SOX gene. Strikingly, infection
with WT MHV68 caused a significant
decrease in transcription rates of many
cellular mRNAs that was not seen with a
SOX variant. Importantly, expression of
WT SOX alone was sufficient to specif-
ically alter transcription rates and reduce
Pol II occupancy at promoters. Unexpect-
edly, it was not simply the presence
of global RNA cleavage that triggered
the transcriptional response. Knockdown
and reconstitution experiments demon-
strated that Xrn1 exoribonuclease activity
was also required for the transcriptional
feedback mechanism. The authors
observed similar effects on transcription
in the presence of SOX when knocking
down Dis3L2, a major 30-50 cytoplasmic
exonuclease, as well. It appears that a
‘‘sensing’’ of accelerated mRNA decay
by the cell, rather than indirect effects of
altered mRNA stability of transcriptional
regulators, reduces transcription rates
(Figure 1). While mechanistic insight
to this observation remains elusive,
two additional interesting observations
were reported. First, simultaneous knock-
down of Ccr4 and Pan2 deadenylases
(which mediate the initial step of poly[A]
tail shortening in the major pathway ofª2015 Elsevier Inc.mRNA decay) resulted in the opposite
effect—a surprising increase in tran-
scription/Pol II promoter occupancy.
Curiously, the effect of deadenylase
knockdowns on increased transcription
was independent of SOX expression.
Second, the authors discovered that not
only do viral mRNAs escape the transcrip-
tional repression many cellular mRNAs/
genes succumb to, but they are also
actually transcriptionally enhanced in an
Xrn1/SOX-dependent manner. Collec-
tively, these fascinating observations
strengthen the hypothesis that general
mRNA decay facilitates transcriptional
feedback; however, they also create addi-
tional head-scratching regarding what
the underlying mechanistic models might
entail.
Observations in yeast initially indicated
that cells possess an internal buffering
system to respond to perturbations in
mRNA synthesis or decay (Haimovich
et al., 2013; Sun et al., 2013). For
example, upon knockout of decay fac-
tors, transcription is slowed presumably
due to the accumulation of mRNAs
and the reduced need for de novo tran-
scription. Reciprocally, if transcription is
slowed due to mutations in Pol II, mRNA
turnover is also slowed. Based on the re-
sults reported by Abernathy et al. (2015),
mammalian cells demonstrate clear inter-
connections between RNA synthesis
and decay but do not use a similar buff-
ering mechanism. In fact, transcription
is decreased upon stimulation of Xrn1
activity resulting from SOX-mediated
RNA cleavage, while Xrn1 knockdown
alone showed no effects on transcription
in the cells tested. It would be interesting
Figure 1. Viruses Can Target Homeostasis of Cellular Gene Expression through Alterations
in mRNA Decay
(Left panel) In normal cells, the initiation of mRNA decay occurs through poly(A) tail shortening (deadenyla-
tion) followed by decapping and 50-30 exonucleolytic degradation using Xrn1. Xrn1-mediated decay sends
feedback to the nucleus, which influences transcription rates and establishes proper levels of expression
for individual genes. The mechanistic details of how Xrn1 mediates transcriptional regulation remain to be
established. (Right panel) In herpesvirus-infected cells, mRNA decay is largely initiated by a virus-encoded
endoribonuclease rather than deadenylation. The resulting fragments are then degraded by cellular exori-
bonucleases in the 30-50 (Dis3L2) or 50-30 (Xrn1) directions. This sends an altered signal of some type to
the nucleus, resulting in significant repression of transcription in the infected cell. This attempt by the cell
to ‘‘reset’’ its gene expression due to the nuclease problem in the cytoplasm has two potential benefits
for the virus: shutting down cellular transcription limits the cell’s ability to generate new antiviral proteins
to react to the infection, and makes more RNA polymerase II available for viral gene expression.
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in mammalian cells by other mecha-
nisms—perhaps Xrn1 overexpression or
by transfection of other ribonucleases
(e.g., RNase A)—could promote a tran-
scriptional response. Such experiments
would answer whether or not this is a gen-
eral phenomenon or specifically linked to
viruses or viral proteins.
In addition to viral mRNAs being refrac-
tory to the SOX/Xrn1-mediated transcrip-
tional feedback described by Abernathy
et al. (2015), global analyses indicated
that not all cellular mRNAs are affected
as well. Using Gene Ontology (GO) anal-
ysis, the authors observed no clear link
among the genes that are selectively
silenced by this mechanism. Thus, how
sensing Xrn1 activity discriminates
between repressed and nonrepressed
genes remains an open question. A
more detailed examination of promoter/
enhancer elements associated with tran-scriptionally repressed genes may pro-
vide mechanistic details regarding the
selectivity of repression. In terms of the
escape of herpesvirus gene expression,
it could be that the SOX/Xrn1-mediated
mechanism specifically silences chromo-
somally encoded genes, and episomal
genes are able to bypass this repression
(Lieberman, 2013). A straightforward
way to address these questions would
be to express responsive and nonres-
ponsive genes from a plasmid driven by
different promoters and observe tran-
scriptional effects. This could determine
promoter requirements and perhaps
address the episomal/chromosomal re-
quirements for this mechanism.
Why the buffering/feedback system
for gene expression may have evolved
differently throughout Eukarya is another
open question. Perhaps this represents
an aspect of the molecular arms race be-
tween mammalian cells and viruses.Cell Host & Microbe 18Host cells may have evolved a mecha-
nism to shut down transcription upon
hyperactivation of Xrn1, thus conserving
energy and limiting viral mRNA pro-
duction. The virus, in turn, evolved
mechanisms to bypass transcriptional
repression—or in other cases that have
been reported, directly target Xrn1 for
repression to maintain cellular gene
expression. An alternative hypothesis
would be that the virus inhibits cellular
transcription in an effort to provide more
readily available Pol II to occupy viral
promoters. It is abundantly clear that
gene expression homeostasis is critical
to the cell. This study provides funda-
mental details regarding how perturba-
tions in mRNA decay can have profound
effects on transcription. The observed
effect may naturally give the cell the op-
portunity to fine-tune protein expression
in response to environmental cues such
as viral infection or other stresses.
In summary, this study significantly en-
hances our understanding of the constant
arms race between viruses and mamma-
lian cells—and reveals interplay between
cellular RNA synthesis and degradation.
It is becoming increasingly clear that
many viruses disrupt host gene expres-
sion homeostasis by engaging mRNA
turnover pathways. It is striking that one
cellular enzyme, Xrn1, possesses such a
vast regulatory role beyond its well-char-
acterized function in mRNA turnover.
Thus, Xrn1 represents an attractive target
for an incoming virus to handicap gene
expression in the infected cell. Positive-
sense RNA flaviviruses specifically target
Xrn1 for repression during infection
(Moon et al., 2015), and it would not be
surprising if Xrn1 was generally targeted
by incoming viruses. The current study
from the Glaunsinger lab clearly sets the
foundation for many interesting studies
to come.
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